Abstract: This study describes the effect of anionic and cationic micelles on nucleophilic addition reaction of rosaniline hydrochloride (RH) with hydroxide under pseudo-first order condition. Strong inhibitory effect is observed due to SDS micelle, whereas CTAB catalysed the reaction. This is explained on the basis of electrostatic and hydrophobic interactions which are simultaneously operating in the reaction system. The kinetic data obtained is quantitatively analysed by applying the positive cooperativity model of enzyme catalysis. Binding constants and influence of counterions on the reaction have also been investigated.
Introduction
Due to ability in providing catalytic interfaces, many physico-chemical properties are affected in micellar system, thus leading to various analytical, biological, chemical, and industrial applications. So, investigation of chemical reaction involving micelle has been of immense interest for many workers 1-7. It has also been shown by many workers that chemical reactions in micellar system are analogous to enzymatic reactions in biological systems by citing various types of chemical reactions in micellar medium. Thus, chemical reactions in micellar system serve as simple model for many biological processes which occur at or involve amphipathic surfaces 5, 7 . Studies of some of triphenylmethane dyes in micellar medium have been reported, but so far exhaustive studies of kinetics of nucleophilic addition reaction of rosaniline hydrochloride (RH) a triphenylmethane dye which is very important for bacteriology 8 is very rare. The carbonium ions are frequently encountered in several organic and enzymatic reactions and therefore, studies involving carbonium ions in micellar media are of great importance 9, 10 .
The present paper reports the effect of anionic surfactant sodiumdodecyl sulphate (SDS) and cationic surfactant cetyltrimethylammonium bromide (CTAB) on the reaction of rosaniline hydrochloride (RH) carbonium ion with hydroxide ion. Analysis and quantitative treatment of experimental data have been done successfully by applying positive cooperativity model of enzyme catalysis. The effect of counterions on the reaction system has been investigated and the result closely parallels the lyotropic series. The observed catalysis and inhibition have been explained on the basis of both hydrophobic and hydrophilic interactions in catalytic micellar aggregates of various species present in the reaction system. The values of binding constants of substrate with micellar aggregates have been calculated. The structure of rosaniline hydrochloride carbonium ion and its reaction with OH -is given in Figure 1 . 
Experimental
The cationic surfactant (CTAB) was obtained from SISCO Chemical Industries, India. The anionic surfactant (SDS) and Rosaniline hydrochloride (RH) dye were obtained from Central Drug House, India. Sodium hydroxide and Sodium bromide were from Loba Chemical Industries. Sodium fluoride and Sodium chloride were obtained from Galxo Laboratories, India. All the reagents used were of analytical grade. The solutions were prepared in double-distilled water. All the reactions were carried out by following decolourization reaction using Beckmann DU-6 Spectrophotometer in visible range at 25 0 ± 0.1 0 C using a high precision thermostat. The reactions follow pseudo-first order kinetics and were monitored by observing the change in absorbance as a function of time at absorption maxima (556 nm) in time drive mode. Slopes and rate constants were calculated from the straight line plots by linear regression method using a personal computer.
Results and Discussion
The visible absorption maxima 545 nm (in aqueous media in absence of surfactant) of rosaniline hydrochloride (RH) exhibited a red shift in surfactant solutions (0. Figure 2 The overall catalysis factor k rel + (=k m /k w ) for RH + was found to be 1.72. From the experimental data the kinetic CMC values were found to be 7.5 ×10 -3 M for CTAB and 1×10 -5 M for SDS micelles.
The rate constant is found to be independent of dye (substrate) concentration at fixed surfactant and OH -concentration and it increases linearly with increasing [OH -] at fix surfactant and dye concentrations. This shows that the reaction mechanism remained pseudo-first order in presence of micelle.
The inhibitory effect on rate due to SDS micelles can be explained by considering both electrostatic and hydrophobic interactions which operates simultaneously in the reaction system 11 . In presence of SDS micelles, as OH -bears similar charge as that of anionic micelles, so they are unable to approach the strongly bound substrate with negatively charged SDS micelles as effectively as it can do in absence of SDS micelles, thus exhibiting inhibitory effect. But, in presence of CTAB, hydroxide ion being negatively charged has favorable interaction with positively charged CTAB micellar aggregates containing hydrophobic substrate. Thus, the approach of OH -is facilitated towards substrate and local concentration of OH -increases around the micellar aggregates, leading to catalytic effect by CTAB.
A kinetic model developed by Piszkiewicz 14, 15 has been used for quantitative analysis of micellar data. This model is analogous to Hill model which describes the positive cooperativity in enzyme catalysis. Thus, by analogy, with reference to micellar catalysis, cooperativity is defined as stimulation of association of additional surfactant molecules to an aggregate as a result of interaction of the first surfactant molecule.
Piszkiewicz's model assumes that a substrate, S (dye carbonium ion in this case) and n, number of surfactant (detergent) molecules D, aggregate to form catalytically functional micellar aggregate (D n S), which may undergo reaction to yield product by following Scheme 1:
Scheme 1.
K D represents dissociation constant of micelle (its reciprocal is binding constant), k m and k w are rate constants of the reaction in micellar and bulk (aqueous) phases. For this reaction scheme, pseudo-first order rate constant k Ψ is expressed as a function of concentration of detergent D, by the equation
Which can be written in the form, In this model, slope (n) of double log plot describes the stoichiometry of the reaction scheme and it is considered as an index of cooperativity in enzymatic reactions. Thus, index of cooperativity is a sensitive measure of interaction between substrate and surfactant. The value of n>1 reflects positive cooperativity. The calculated binding constant according to the above model, substrate with anionic surfactant SDS (7.9 x 10 5 ) is much more than cationic surfactant CTAB (3.1 x 10 2 ) which is in accordance with the existing electrostatics and hydrophobic interaction in the reaction system (both interactions are favorable for SDS, but only hydrophobic interaction is favourable for CTAB). Also, [D] 50 values for SDS (2.88 x 10 -5 M) as compared to CTAB (3.89 x 10 -3 M) supports stronger binding of substrate to those micelles having favorable electrostatics-hydrophobic environment.
The applicability of equation (2) was tested using the micellar data of Figure 2 (A) for SDS and Figure 2(B) for CTAB. The Hill type double log plots and the quantitative analysis according to equation (2) and (3), for the reaction under study is shown in Figure 3 and Table 1 respectively. It is to note that the value of n found was greater than 1 evidencing for positive cooperativity in the reaction system 12, 13 . The effect of added counterions (ions opposite to the charge on the micellar surface) on the CTAB catalysed reaction of RH + with OH -has been investigated by varying concentration of certain chosen electrolytes. All the added counterions (F -, Cl -, and Br -) exhibited inhibitory effect on reaction rates in presence of CTAB. The added counterions reduced the extent of overall catalysis caused by CTAB micelles as shown in Fig.4 in the order: Br -> Cl -> F -and is suggested that counterions with low charge density have more pronounced inhibitory effect. The result closely parallels the lyotropic series 16 which represents salt effect on precipitation and denaturation of proteins. 
Conclusion
From the studies it is concluded that the nucleophilic addition reaction of rosaniline hydrochloride with hydroxide is catalysed by cationic micelle, CTAB and inhibited by anionic micelle, SDS. The observed catalysis and inhibition have been attributed to both hydrophobic and electrostatic interactions in catalytic micellar aggregates of various species. The positive cooperativity in enzyme catalysis has been tested and found applicable in the reaction system. All the added counterions exhibited inhibitory effect on reaction rate in presence of CTAB micelles and they are in the order of Br ->Cl ->F -, which shows that the counterions with low charge density have more pronounced inhibitory effects.
